This paper describe about technique to retrieve chlorophyll a concentration by using field spectroradiometer data with fluorometer data and the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) data. Spectroradiometer data were coupled with fluorometer data to find out the best suited bands ratio to monitor the chlorophyll a concentration for inland water. Remote sensing reflectance measurements were used to evaluate the performance of several default ocean color chlorophyll algorithms for SeaWiFS data. Using the default chlorophyll algorithms used in TeraScan System (OC2-V2) and SeaDAS (OC4-V4) as the basis of comparison; this study examined the validity of these empirical chlorophyll algorithms with in situ data. Remote sensing reflectance data from spectroradiometer and in situ chlorophyll a data from fluorometer were collected for Lake Abashiri, and SeaWiFS data for Lake Saroma were used. It is shown that the chlorophyll a concentration from fluorometer and reflectance from spectroradiometer lies in exploiting the signal provided by the chlorophyll a red absorption peak near 670nm. Two-band ratio based on a ratio of reflectance 670 and 700nm provided a good correlation for a linear model, compared with blue-green two band ratio.
INTRODUCTION
There has been considerable success in optical remote sensing of chlorophyll a in case 1 water where the variation of optical properties is dominated by phytoplankton and associated material, and some consensus are emerging with regard to appropriate algorithms. In contrast, chlorophyll a retrieval in case 2 waters, where the optical properties of inorganic suspended matter and colored dissolved organic matter (CDOM) must also be considered, is still a matter of intense research activity, and a few convincing example are available of satellite-derived chlorophyll a concentrations for such water (Ruddic et al 2001) . However, the demand for detail monitoring of chlorophyll a concentration in case 2 water is very high because of the need to manage the inland and coastal eutropication and because of the importance of estuarine and coastal phytoplankton for atmospheric carbon dioxide and hence possible climate change.
Stream ecosystems around the world are being impacted by the eutrophication. The eutrophication is the state of having high nutrient content and high organic production1 Figure  1 ) and upward water surface spectral radiance (U in Figure   1 where, Rrs(443), Rrs(490), Rrs(510) and Rrs(555) are remote sensing reflectance for SeaWiFS band center 443, 490, 510, and 555nm with band width 20mm, respectively. And R is the logarithmic value of remote sensing reflectance ratio for two selective bands. We have estimated chlorophyll a concentration for Lake Saroma by using acquired SeaWiFS images and compared the results with in situ data. In situ chlorophyll a concentrations were collected from five stations (st-2 to st-6) for 6 June 2002 in Lake Saroma. Some remote sensing estimated chlorophyll a were not appeared with in situ measured locations, therefore in situ measurements and remote sensing estimation were interpolated using linear interpolation technique to concentration for highly turbid inland and coastal water. The largest source of error for chlorophyll a retrieval in case 2 waters are generally attributed to the bio-optical model that relates water leaving radiance or reflectance to the chlorophyll a concentration and to treatment of aerosol reflectance in the atmospheric correction procedure 6). Latter one was only considered in OC2-V2 and OC4-V4 algorithms. Considering only blue to green, two band ratios were used in these algorithms.
(4) Selection of band wavelength for chlorophyll a concentration measurements Many empirical models, with varying degrees of complexity, have been proposed within the last two decades to relate the backscattering properties observed to the concentration of dissolved substances in the water column. These models may use information in single or multiple bands, and employ different functional forms like the power function, multiple regression hyperbolic, secondorder and third-order polynomials, or most commonly the log-transformation7). Normally, most of algorithms were developed for case 1 water by using blue-green two band ratio. Blue-green two band ratio algorithms are popular for case 1 waters, which may not be appropriated for case 2 water.
Both field and laboratory spectrometric measurements of reflectance and absorption are essential to developing semi-empirical and analytical (radiative transfer) models that can describe the interactions of light and in-water materials8). In our study we have used field spectrometric measurements. Field spectra of both the material(s) of interest and other materials present in the environment can be used to address such issues as what spatial and spectral resolutions are required for detection. Some field measured spectral reflectances at water surface for the absorption of different concentration chlorophyll a in Lake Abashiri are shown in Figure 5 . Chlorophyll a is a phytopigment present in all algae groups in inland waters and shows absorption bands in the blue wavelength at 440nm and in the red wavelength at near 670nm ( Figure 5 ), leaving a maximum green reflectance at 570nm due to an electron excitation process. But the band near 670nm shows the distinct absorption for this case. The red edge ascent near 700nm that is narrowed to a peak by growing water absorption in the near infrared is also correlated to increasing chlorophyll a contents.
At 400-500nm spectral range the absorption from tripton (particulate matter after removal of phytoplankton pigments) is generally greater than phytoplankton absorption, and the total particulate absorption coefficients shows an exponentially decreasing form for the 400-570nm range, typical of tripton (detrital) absorption6). Considering that a satellite-based sensor sees only the effect of the total absorption coefficients (particulate plus dissolved matter plus pure water), it is clearly important to be able to distinguish phytoplankton-related features at least in the total particulate absorption spectrum. Study shows that satellite-derived total absorption coefficient divided into components arising from phytoplankton and other material will clearly be difficult without use of the 670-700nm chlorophyll a absorption features, where the absorption of phytoplankton is nearly equal to the total particulates6). Normally the band ratios used in phytoplankton retrieval algorithms have a good correlation for case 1 water9).
Therefore, we examined spectral bands ratio against the measured chlorophyll a that is shown in Figure 6 . Bands ratio 670/700 shows good correlation compared with other bands ratios those were used in OC2-V2 and OC4-V4 algorithms. Based on the correlation with the in situ data, one of the most important relationships observed in this study was the relationship between spectral bands ratio and the average of chlorophyll a concentration from water surface to the depth up to the water transparency. Water transparency was measured by using Secchi disk depth. The transparency (Secchi disk depth) is negatively correlated with turbidity (R=-0.64). We have calculated the average of chlorophyll a concentration from 0 to 1m, 0 to the depth of water transparency and 0 to 2m depth. The correlation between the band ratio (670/700) and chlorophyll a concentration average from 0 to the depth of transparency, and average from 0 to 2m depth, are shown in Figure 7(a) and 7(b) . The average value for chlorophyll a from 0 to the depth of transparency shows the correlation coefficients R=-0.82 for the band ratio (670/700), while correlation coefficient R=-0.84 is shown for the average value from 0 to 2m depth. But the average value of chlorophyll a concentration from 0 to lm shows the correlation coefficient R=-0.82 with band ration (670/700). The average transparency of Lake Abashiri is 1.60m. Therefore, there is not significant difference between the correlations with chlorophyll a average value obtained for the depth to transparency and 2m, though the average value from 0 to 2m shows comparatively better correlation. We have also tested the correlation for the band ratio (700/670), inverse of above mentioned band ratio (670/700), which shows the very similar correlation with positive value R=0.82 and R=0.84 for the average value of chlorophyll from 0 to depth of transparency and 0 to 2m, respectively. Hence, chlorophyll a, obtained average 0 to 2m depth, was appeared to correlate better with band ratio (670/700).
RESULTS AND DISCUSSIONS
Sigmoid form of the OC2-V2 and OC4-V4 algorithms are very sensitive to small variations of Rrs(490)/Rrs(555) or max[Rrs(443), Rrs(490), Rrs(510)]/Rrs(555), and then estimate unrealistically high or low chlorophyll a in cases of high gelbstoff, detrital and/or accessory pigment absorption. These two algorithms show high estimation for lower ranges and low estimation for higher range of chlorophyll a concentrations in case of Lake Saroma and Abashiri. Therefore, it is concluded that blue-green two band ratio algorithm does not show good adaptations for case 2 water, though which is popular for case 1 water.
Chlorophyll a is a phytopigment present in all algae groups in Lake Abashiri shows distinct absorption bands in the red wavelength near at 670nm (Figure 5 ), leaving a maximum green reflectance. The red edge ascent near 700nm that is narrowed to a peak by growing water absorption in the near infrared is also correlated to increasing chlorophyll a. Based on the correlation with in situ data, the ratio of band 670 and 700nm wavelength produced a good correlation (R=-0.84) with chlorophyll a concentration average from 0 to 2 m depth. Using this linear model, a chlorophyll a distribution map can be produced for Lake Abashiri and similarly another linear model can be produced for Lake Saroma.
Therefore, hand-held spectroradiometer data have been used successfully to assimilate the spectral band to the remote sensing technique for the estimation of chlorophyll a concentration for case 2 water in Lake Abashiri. This study suggests that blue-green two band ratio could not be used for the monitoring of chlorophyll a in case 2 water. The ratio of bands wavelength ranges from 670 to 700 would be better to monitor the chlorophyll a for inland and high turbid water.
